NACA TN No. 1785

£1¢8

NATIONAL ADVISORY COMMITTEE

FOR AERONAUTICS

TECHNICAL NOTE

No. 1765

OFFICE OF NAVAL RESEARCH AND NACA METALLURGICAL

INVESTIGATION OF A LARGE FORGED DISC

OF S-816 ALLOY
By

Howard C. Cross
Battelle Memorial Institute

and

J. W. Freeman
University of Michigan

Washington
February 1949

]

WN ‘g4v) AHVHEIT HO3L

T

d




TECH LIBRARY KAFB, NM

LITee

0065021
NATTONAT, ADVISORY COMMITTEE FOR AERONAUTICS *

TECHNICAI. NOTE NO. 1765

OFFICE OF NAVAL RESEARCH AND NACA METALIURGICAL
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By Howard C. Cross and J. W, Freeman
SUMMARY

This report is one of a series in a cooperative research investi—
gation undertaken to ascertain the properties of the better wrought
heat—resisting alloys in the form of -large discs required for gas—
turbine rotors.

The properties of large discs of 5-816 alloy have been determined
for both the as—forged and aged condition (disc NR—76B-F) and the
heat—treated and aged condition (disc NR—76B—Q) at room temperature
and, by means of stress—rupture and creep tests for time periods up to
ebout 2000 hours, at 1200°, 1350°, and 1500° F. Short—time tensile test,
impact test, and time—deformation characteristics are included.

INTRODUCTION

This report presents the results of a study of the room-temperature,
1200°, 1350°, and 1500° F properties of a large forged disc of S-816 alloy.
One~half of the disc was tested as—forged and aged, and the other half
was heat—treated and aged before testing. The halves are referred to
herein as two discs, NR—T6B-F (forged and aged) and NR—76B—Q (heat—
treated and aged).

The primary purpose of this study was to determine the level of
properties exbibited by this alloy in the form of large forgings of
the type required for rotor wheels of gas turbines amd to determine
the relative properties of such forgings as—forged and aged and as
heat—treated and aged. The results obtained previously from similar
investigations of 19-9DL, CSA, Timken alloy, EME, and low—cerbon
N-155 discs have been published as references 1 to 9. A concurrent and
nearly identical investigation of a large forged disc of S-590 alloy has
been published as reference 10.

This work is being carried out as part of two correlated programs
of research on alloys for gas—turbine applications in progress in
this country. The National Advisory Commlittee for Aeronautics is
gponsoring work directed toward the development of improved high—
temperature alloys for gas turbines used in alrcraft power plants.
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A concurrent program, formsrly sponsored by the National Defense Reseerch
Cormittee, Office of Scientific Research and Development, and now
gponsored by the Office of Naval Research, Navy Department, is being
directed to the development of alloys for gas—turbine applications in
general and, in particuler, for both ship and aircraft propulsion
turbines. The work described herein was accomplished with the financial
asglstance of the National Advisory Committee for Asronautice and the
Office of Naval Research, Navy Department.

This report is being distributed by both the NACA and the Navy.
The investigation of these discs for the NACA was conducted at the
Engineering Research Institute of the Unilversity of Michigan and for the
Navy at Battelle Memorial Imstitute.

TEST MATERTATS

The avallable information concerning the disc may be summarized
ag follows:

Mamufacturer:

Allegheny—Iudlum Steel Corparation
Heat number:

k1625

Chemlcal composition:

The chemical composition was reported by the mammfacturer to be
the following percentages:

C Mn Si Cr N1 Co Mo Ll Cb Fe

-— — —_— — —— —— ——

0.38 0.50 0,53 19.80 20.57 42.72 3.90 L, 76 3,95 2.87
Fabrication procedure:

A 12-inch-square ingot from a 5000-pound electric~arc heat was
hammer cogged to 9% inches square from 2300° ¥ and upset %o 3155 inches
thick from 2250° F, The resulting disc was more nearly octagonal than
circular and measured about 17 inches across.

The disc was cut in half. One half was left as—forged, marked NR—T6-F;

the other half was heated at 2300° F for 2% hours and water—quenched,

marked NR—T6-Q. Test bars from each half were then aged for 16 hours
at 14000 F,
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Sampling:

The code number assigned to the two halves was NR—T6B., They will
hereafter be referred to as the two discs, NR—T6B—F and NR—-T6B—Q.
Figures 1 and 2 show the locations of the samples cut from the halves
and the code system identifying the coupons. The mumbers refer to
locations on the flat faces of the discs, and the letters refer to
the locations through their thicknesses.

EXPERTMENTAT, PROCEDURE

The investigation was designed to provide four types of information:
(1) The physical properties at room temperature, 1200°, 13500, and 1500° F
which can be expected in large fargings of the S-816 analysis; (2) the
effect of heat treatment on these physical properties; (3) the variation
in properties which might be present in various locatioms in such large
forgings; and (4) the change in roam—temperature properties resulting
from exposure to elevated temperatures under stress for prolonged time
periods, .

The physical—property data obtained from the halves of the large
forged disc of S-816 alloy included short—time tensile properties,
impact strengths, rupture test characteristics, and design curves of
stress asgainst tims for total deformations of 0.1, 0.2, 0,5, and 1.0 per—
cent at 1200°, 1350°, and 1500° F. The time — total-deformation data
were obtained from time~deformation curves from both stress—rupture and
creep tests.

The uniformity of the forging was checked by means of a hardness
survey. Hardness, tensile, and impact tests and metallographic
examination of speclmens after campletlon of the creep tests were used
to estimate the stability of the material during prolonged exposure to
temperature and stress.

The testing procedures used for the short—time tensile, stress—
rupture, and creep tests were in accordance with the provisions of the
A.S.T.M. Recommended Practices E21-43 and E22-)41,

RESULTS

The data obtalned are compiled as a series of tables and figures,
with the principsl results from the discs NR—T6B-F and NR-76B—-Q
sumarized in figures 3 and 4. The source of the data (NACA or Navy)
is indicated in the tables.

UG S . . e —————a — - — ———— -
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Hardness Survey

The Brinell herdness of material cut from the forged and aged
disc NR—76B-F ranged fram 258 to 31l while the range for the heat—
. treated and aged dlsc was fram 255 to 280. (See figs. 5 and 6.) The
hardness generally increased from the center to the rim of the discs,
more so in the case of the forged and aged disc than in the case of
the heat—treated and aged disc, However, the minimm value was msasured
about 2 inches from the center of disc Q on the center plane, while the
maximm value was mpasured at the rim on the forged surface of disc F.

The forged and aged disc showed a higher over—eall hardness than
the solution—treated and aged disc, in addition to the greater hard—
ness difference fram center to rim of the forged and aged disc. The
hardness variations encountered from center to rim appear to be rela—
tively small, considering the size of the original disc fram which the
halves F and Q were cut and the difficulties of forging such a highly
alloyed material. .

Short—Time Tensile Properties

The results of the short—time tensile tests at room temperature,
12000, 1350°, and 1500° F are shown in table I. At roam temperature,
12000, and 1350° F, the forged and aged disc NR-T6B-F showed slightly
higher tensile and yield strengths than the heat—treated and aged
disc NR—76B—Q. At 1500° T, the situatlon was reversed, with the heat—
treated and aged disc showing slightly higher strengths than the forged
and aged disc. The variation in ductility was small, both between
discs F and Q and among the room—temperature and elevated—temperature
tests. However, at room temperature and at 1350° ¥, the average
elongation fcr disc Q was a few percent above that for disc F. The
elongations of both discs were higher at room temperature and 1350° F
than at 1200° and 15000 ¥, Tt should be noted, however, that every
specimen tested at 1200° F broke in the gage marks. The average
elongation for all the tests on both discs was about 20 percent.

There was a tendency for the specimens from the interior of the
discs to have lower strength at roam temperature and, in disc Q, lower
ductility.

Charpy Impact Resigtance

Charpy impact resistance (V-notch) was determined on specimens
from the two discs F and Q at roam temperature, 1200°, 1350°, and 1500° F
after holding at temperature sufficiently long to insure a uniform
temperature in the specimens. The data are shown in table IT and ,

figures 3 and k.




NACA TN No. 1765 5

The Charpy lmpact velues of the discs T and Q were nearly identical
at 1200° and 1500° F, but at room temperature and at 1350° F the impact
strength of the forged and aged disc was higher than that of the heat—
treated and aged disc., For both the discs F and Q, the impact strength
at the elevated temperatures was nearly twice that at room temperature
and did not change significantly from 1200° to 1500° F,

The average of the impact strengths of the gpecimens from the
surface of the discs was about 20 percent higher than that of the
interior speocimens for both discs F and Q at all temperatures.

Rupture Test Characteristics

The stress—rupture data for the tests at 1200°, 1350°, and 15000 F
are shown in table ITI, and the rupture—strength values obtained fram
the curves of stress against rupture time in figures T to 13 are shown
at the bottom of table ITI. All stress—rupture tests were run on
1/4—inch-diameter specimens whioh were cut from the discs in either a

‘radial direction or less than 45° from redial.

At 1200° F, the stress-rupture strength of the heat—treated and
aged disc Q was slightly superior to that of the forged and aged disc F.
The 100-hour and 1000-hour rupture strengths of disc Q were 66,000
and 52,000 psi, respectively, and of disc F 62,000 and 50,000 psi,
respectively.

At 1350° F, the rupture strengths of the forged and aged disc and
quenched and aged disc were nearly identical; the 100-hour and 1000-hour
strengths were about 38,000 and 29,000 psi, respectively.

At 1500° F, the 100-hour and 1000-hour rupture strengths of disc Q
were again sglightly higher than those of disc F. The 100-hour and
1000-hour strengths of disc Q were 23,000 and 17,500 psi, respectively,
and of disc ¥ 21,000 and 13,500 psi, respectively.

Ingpection of the curves of stress agalnst rupture time (fig. T)
shows some increagse in slope with Increasing test temperature for
disc F and hardly any change in slope with increasing test temperature
for disc Q. At 1200° and 1350° F, the slopes of the stress-rupture
curves are about the seme for both discs. The comparative slope
changes between discs at 1500° F indicate that for service at this
temperature, the heat—treated and aged disc was superior to the forged
and aged.

Ductilities of the stress—rupture specimens measured after fracture
varied from fair to good. Elongations for the 1500° F tests were mostly
only fair, ranging from 2 to 8 percent, while those for the 12000
and 135090 ’F tests were better, ranging from 6 to 15 percent, with one
low value, 3 percent, reported at 13500 F (disc NR-T6B-F).

e e e e e h ey e S S s e m - % e fras Ak N & ST s e e = S wr e 4 e e =



6 NACA TN No, 1765

Time—Deformation Characteristics

A convenient method of describing the high-temperature strength of
a material 1s by curves of stress against time required for varilous
total deformations, Data from both stress—rupture and creep tests are
used to prepare such design curves. Such information, along with the
curves of stress against rupture time, gives design engineers a complete
picture of the expected performance of an alloy under constant tensile
gtress, This information is presented in figures 8 to 13 for deformations
of 0.1, 0.2, 0,5, and 1.0 percent at 1200°, 1350°, &nd 1500° F for time
periods up to 2000 hours., OCurves showing the time of transition from
a minimm creep rate to the increasing rate of third-stage creep have
been added so ag to show when rapld elongation preceding failure starts.

The curves of stress againgt time far total deformation were .plotted
Tfraom the data in tables III to VI, The data were taken from the time—
deformation curves of the stress—rupture and creep tests. The time—
deformation curves for the creep tests and stress—rupture tests have not
been included in this report.

Tables IV, V, and VI also show data scaled from the design curves
in figures 8 to 13 and show the stresses to cause various total
deformations from 0.1 to 1.0 percent in definite time periods of 1,

10, 100, 100G, and 2000 hours. For ease of comparisomn, these d.a'l:a. and
similar data for the S-590 discs NR~TUB and for the N~155 disc NR~66D
are shown together in teble VII, Also included for comparison are lmpact
and tensile data at roam temperature, 1200°, 1350°, and 1500° F for these
meterials and residual room—temperature :meact and tensile data for
specimens after creep testing of the various materials (after 1000

to 2000 hr under stress at test temperature).

Cresp Strengths

Many engineers are accustomed to basing designs on creep rates,
especially for long periods of service. For this reason, the creep
rate data have been collected from the time—deformation curves and are
shown in table VIII, and the logarithmic curves of stress against creep
rate for the tests a.t 12000, 13500, and 1500° F on the two discs F
end Q are shown in figure lfL The creep rates used were either minimum
or final rates from 1000-hour tests at 1200° F and from 2000-hour tests
at 1350° and 1500° F, The creep strengths obtained from figure 1% are
shown in tables IV, V, and VI and for ease of comparison are tabulated
as follows:
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Temperature Stress (psi) for creep rates of —
Disc
o 0.0001 percent/ar | 0,00001 percent/hr

NR-76B-F 1200 28,000 218,000
NR-76B-Q 28,000 816,000
NR_76B_ F 1350 20 s 000 13,000
NR—T6B-Q 19,000 10,500
NR—76B—F 1500 11, 000 8, 500
NR~T6B—-Q 13,500 7,500
8Rgtimated.,

These creep strengths can be compared with the deformation strengths
in tables IV, V, and VI. The creep strengths for a rate of 0,000L percent
per hour at 12000 F are apparently safe for use for time periods up
to 10,000 hours since extrapolation of the transition—point curves
(stage—-two to stage—three creep rate) in figures 8 and 9 out to 10,000 hours
indicates that at the stresses listed second-stage creep would s‘bill
prevail,

For the tests a:b 1350° ¥, the situation is quite different. Extra-—
polaetion of the 1350° 7 transition curves In figures 10 and 11 shows that
at the stresses for a creep rate of 0,000l percent per hour Increasing
creep rates will occur 1n about 14 000 hours for dlsc F and 7000 hours
for disc Q. At the lower stresses producing a creep rate of 0,00001 per—
tent per hour, third-stage creep would not occur far considerably longer
tims perlods.

Extrapolation of the 1500° F transition curves (figs. 12 and 13)
shows that at the stresses far a creep rate of 0,000l percent per hour,
increasing creep rates will occur in 1500 hours for disc F and in
3700 hours for disc Q. Even at the gtress for a creep rate of
0.00001 percent per hour, extrapolation indicates an Increasing creep
rate for disc F in 4000 houre and for disc Q@ at about 25,000 hours.

Comparison of the extrapolated rupture strengths with the creep
strengths Indicates that the estimated stresses for fracture in
10,000 hours are well above the O,000l-percent—per—hour creep strengths
at 1200° F. The rupture strength (10,000 hr) is only slightly higher
than the creep strength (0.0001 percent/hr) at 1350° F, At 15000 F,
the creep strength of dlsc F is above the estimated rupture strength
while for the dlsc Q the two are equal.

. The scatter of the creep-rate data and the change in slope downward
of the curve of stress against creep rate at low stresses producing rates
less than 0,0001 percent per hour meke unwlse the large extrapolations
necegsary in both creep and rupbure data for comparisons of the creep
rate far 0,00001 percent per hour with the 100,000-hour rupture strengths.
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In all cases, caution should be observed since extended service
periods of several times the maximm test period used here (about 2000 hr)
may magnify such effects as surface and structural instebility, which were
overshadowed by other varlables during the short test periods,

Stability Characteristics

Some of the test speclimens from each of the two dlscs were subJected
to tenslle, impact, and hardness tests at roam temperature after creep
testing at 1200°, 1350°, and 1500° F with the results shown in table IX.

The conglderable decreases 1n Impact strength and tensile test
ductility at room temperature were the most significant changes observed.,

The hardness of disc ¥ Increased somewhat after creep testing at
1200° F, but did not change after testing at 1350° F and seemed to
decrease slightly after testing at 1500° F,

For the forged and aged disc F, the proportional limit and 0.1-
and O.2-percent yleld strengths were slightly higher after creep testing
at 1200° and 1350° F (except far the O.l-percent yleld strength after
1200° F which remained unchanged), but were lower after temting at
1500° ¥, Ths tenslle strength was lower after creep testing at all
three temperatures, and the 0,02-percent yleld strength did not change
significantly after testing at 1200° and 1350° F but decreased after
testing at 1500° ¥,

The yield strengths of the heat—treated and aged disc Q were higher
after creep testing at 1200° and 1350° F and lower after testing at :
1500° ¥, The tensile strength was lower after creep testing at all
three temperatures.

The microstructure showed less breakdown of the dendritic pattern
at the center of the disc than near the rim, and the grains were coarser
at the center. The structure near the rim was, however, more typical
of that of the test speclmens, Original microstructures of the center
end rim portions of the forged and aged disc are shown at magniflcations
of 100X and 1000X in figure 15. The microstructure of the rim portion
of the heabt—treated and aged disc 1s also shown at 100X and 1000X in

figure 15.

The grain—slze range was sbout 5 to T near the rim of the farged
and aged disc and about 4 to 7 at the cemter. The grain—size range
near the rim of the heat—treated and aged disc was about 4 to 6, Thus
the heat-treated and aged disc was slightly coarser grained (by one
A,S,T.M. grain—gize mumber) than the forged and aged disc,

Precipitation within the grains i1s not evident in the original
microstructures or In those of the creep—tested speclmens. Soms
precipitation is evident in the microstructures at 1000X of speci-—
mens 10A, Q12F, and Q12E (figs. 16 and 17), which were tested in stress
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rupture, the first two at 1350° and the last at 1200° F, No explanation
can be offered for the apparent absence of precipltation in the photo—
micrographs of the original structures and of the structures of all the
tested creep specimens and 1500° ¥ gtress—rupture specimens. The

photomicrographs of figure 15 show the original structures at magnifications

of 100X and 1000X of the farged and aged and heat—treated and aged discs.
Those of figures 18 and 19 show the structures at 100X and 1000X of the
two discs, F and Q, after creep testing at 1200°, 1350°, and 1500° F, The
photomicrographs of figures 16 and 17 show the fractures at 100X and
internsl microstructures at 1000X of the specimens of the two discs after
stress—rupture tests at 1200°, 1350°, and 1500° F. The fracture of
specimen Q12E, which was tested for 1699 hours at 1200° F, appears to

be transcrystelline, The fractures of the specimens tested at 1350°
(F10A and Q12F) and 1500° F (¥11D and Q14D), and the fracture of speci—
men F9A (2618 hr at 1200° F) were all intergramular. The longer time of
exposure to high temperature and lower stress may have caused speci—

men F9A to break with an intergranular fracture at 1200° F, while the
corresponding specimen QI2E from the quenched and aged disc broke with

a transcrystallline fracture. Specimens tested in stress rupture

at 13500 and 15000 F (F10A, Q12F, F11D, and Ql4D) showed considerable
intergramlar cracking adjacent to the fracture.

DISCUSSION (F RESULTS

The tenslle, stress—rupture, creep, and time—deformation data
provide as nearly complete design information for the S-816 discs,
NR-76B-F and NR-T6B-Q, as can be obtained in the laboratory from tests
under constant tenslle stress.

The test data contained in this report apply only to the particular
discs tested and fabrlcated and heat—treated in the mamner Indicated.
Consldersble experience indicates that the properties depend on the
particular mamufacturing process used in the production of the discs.

It should not be assumed that the properties hereln reported apply to
disce of a simllar camposltion produced by another fabricator or
necesgarily to similar discs produced by the same fabrlcator,
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SUMMARY OF RESULTS

The principal results obteined from the 17-inch—diameter
by 35%-—inch~thick discs may be summarized as follows:

Farged and Heat—treated
aged disc, and aged disc,
NR-76B~F NR-T6B~Q
1, Brinell hardness range:
On center plane at rim 300 280
On center plane at center 270 260
2, Offset yleld strengths:
0.2—percent—offset yield
strength, psl, at —
Roam temperature 85,600 76,500
1200° F 67,000 58,000
13500 F 59,000 54,500
1500° F kg, 000 51,000
3. Rupture test characteristics:
Stress, psi, to cause rupture
at 1200° F in —
10 hours 78,000 80,000
100 hours 62,000 66,000
1000 hours 50, 000 52,000
Stress, psi, to cause rupture
at 1350° F in — .
10 hours 52,000 52,000
100 hours 38,000 39,000
1000 hours 29,000 29,000
Stress, psi, to cause rupture
at 1500° F in —
10 hours 30,000 29,000
100 hours 21,000 23,000
1000 hours 13,500 17,500

The elongations and reductlions of area of the fractured rupture
test speclmens were gensrally satisfactory with the exception of some
specimens of the forged and aged disc, NR-T6B-F, tested at 1500° F,
Increased rupture tims did not produce a significant change in
ductility.
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i, Total-deformation characteristics under stress:

The data for the two dlscs are shown elsewhere in this report and
will not be repeated here. Briefly, the heat—treated and aged disc
was generslly superior at 1200° F, although extrapolation of the data
obtained indicated that for long times at low stresses (0.1— and
0,2-percent total defarmation) the forged and aged disc might be
superior. The forged and aged disc was superior at 1350° F, and
at 15000 F the golution-treated and aged disc was superior except at
low stresses (0.l-percent total deformation), No explanation has
been found for the fact that the forged and aged dlsc was quite
definitely superior at 13500 F, while the heat—treated and aged disc
was superlor at both 1200° and 1500° F.

For very long tlme service, the order of superiority described
might be changed somewhat. This is evidenced by the fact that the
creep strengths (0.0001 percent per hour and 0,00001 percent per hour)
of the forged and aged disc were equal or superlor to those of the
heat—treated and aged disc at all three test temperatures, except faor
the 0,0001—-percent—per—hour creep strength at 1500° F where the heat—
treated and aged disc had the higher strength.

5. Tniformity:

The properties of the dlsce were quite uniform in view of the
slze of the forging and the characteristics of the alloy,

6. Stebility:

The impact strength and ductility decreased after creep testing
at 1200°, 1350°, and 1500° ¥, The ultimate—strength values from tensile
tests decreased after creep testing at all three temperatures. The yield
strengths of the forged and aged disc changed very little after creep
testing at 1200° and 1350° F and decreased after testing at 1500° F.
The yield strengths of the heat—treated and aged disc lncreased after
creep testing at 1200° and 1350° F and decrsased after creep testing
at 15000 F,

Battelle Memorial Imstitute
Columbus, Ohio
and
University of Michigen

Ann Arbor, Mich,
March 17, 1948
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TARLE I.—

SEORT-TTME TERSTIZ FROPERTIES OF 8-816 ATIOY DISCS NR-T6B

[Pullad at 0,02 in,/min through yisld strengtha, then 0.06 in,/min to ruptu:re]

Offpot yleld strengtha
Diac fipect Bpecimen Taetm Tongile (pat) Pro-_oartzonal Elinonga:’ilon R:%uction Modulus of
(e) rumber |Looaticn [PeTperatura [atrength Umit | in 2 In * |, OF 8708 | ojaaticity
[ Vi) 0,02 per@en‘b 0.1 mc&nﬁ 0.2 mmt oLy LPRLOCLY | palteolu
RA-TEB-F | PFI7X |Swrface | Room (153,000 | 66,800 84,000 92,000 148,600 20.5 9.9 [30.4% x 100
(Porged) | VFIAX  |Surface Roon 12 E ‘67,&00 ,500 89 000 L7,400 18.9 19. 34.0
bri7f |Imteriar| Room 149 koo 60,000 ;z 000 81 200 k3,600 23,0 23, [32.%
bp18Y |Interior| Room 147,100 58,000 81,000 37,400 16.% 15,2 [33.5
OphY  |Burfece | 1200  [117,500 | - 53,000 63,000 67,000 41,500 diy.5 1,1 (26,5
CPSZ  |Surimos 1200 121,750 51,800 63,500 67,000 , 000 a7 13.9 |&3.0
SpAr |Surface 1350 gl, 000 33,700 61,600 66,000 33,000 23,5 ehk [es.0
oF6Y  |Tmterior| 1350 Ba,es0 | b Loo 50,000 2,800 36,000 22.5 22,0 |e3.,8
bPSE  |Burfaoce 1500 57 200 &, 000 k5,800 27,000 - ———- 2k,1
bESY  (Toteriar| 1500 50’5:88 ?500 k8,500 51,000 31,000 16.5 19.9 |ek.o
MR-768-Q | Pqex  |Surface Room  |1k9,500 58,800 1,800 71,800 35,900 32,5 25.9 |[35.2
(quenched)| PQ3Y  (Burfece Room 149,000 55,900 1,400 7,400 3k, koo 33.0 2.0 [33.3
boey |Imtertiar| Room 140,300 55,000 68,800 74,400 30,000 18.5 16.9 [32.1
bQ3¥Y |[Imterior]| Room 138,500 56,400 70,100 76,400 38,900 16.2 13.7 |32.5
8Q7L  |Surface 1200 107,750 48,500 =l ,300 57,000 37,500 d3 4.8 [27.2
0g8Y |Imterier| 1200 {105,500 | 50,000 56,700 60,000 37,300 d1p 13,4 |2%.8
SQEr  |Burfece 1350 84,000 Ry, 500 50,000 52,600 5,000 25,5 22,7 |es.0
CQRY.  |Burface 13%0 83,000 48,500 5k, 200 56,800 0,000 23 21,6 |24,0
bx |Burface 1500 58,500 44 Loo 48,500 0,200 40,000 19.6 23.0 |29.5
by  |Intericr! 1500 £3,200 h2 koo 50,000 51,500 3k 900 16,0 16,2 17,0

Bfpat treatmenta:

HR-T6B-F1:

Ap—forgod and eged; 16 hr at 14

I, sir—cool.

00°
NR-TEB-Q: Hoat—treated end agol; 2300° 7T, E\% hr water—quenohed; 16 lr at 1400° ¥, air-cocol,

bRavy data.

C'n‘ann an .-.-l-..

dBroke 1n gaga mark,

@
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NACA TN No, 1765

TABLE TT.— CHARFY NOTCEED-BAR IMPACT RESISTANCE AT ROOM TEMPERATURE
1200°, 1350°, AND 1500° ¥ FCR 5-816 ALLOY DISCS NR-76B

[Navy data: 0.394—In, squaere specimens with a 0.079—in.-deep 'V'-—no'bch]

Charpy
Disc  |Specimen | Specimen | Test temperature | impact ﬁg’?j"mh
(1) number locatian (°F) strength (£t-1b)
(£t-1b)
RR-T76B-F 8 Interior Room 15
(forged) 1kx6 Toterior Room 27 23
15%h Interior Room 27
TA Surface Roam 22
15x1 Surface Room 27 28
1k7a Surface Room 36
‘D Interior 1200 31
1hz6 Interior 1200 y7 Lo
15%6 Interiar 1200 43
- 8F Surface 1200 L3
1433 Surface 1200 54 Ls
15x2 Surface 1200 39
14xL Interior 1350 k3
1435 Interior 1350 Lo 4
15%5 Interior 1350 .39
X Surface 1350 145
ikze Surface 1350 6l 53
15X3 Surface 1350 54
TC Interior 1500 31
1hzh Interior 1500 50 43
1425 Interior 1500 18
F Surface 1500 18
1kxe Surface 1500 3 by
1k23 Surface 1500 50
NR-76B-Q 15D Interior Room 18
(quenched) 16C Interiar Room 16 17
18B Interior Rocm 18
& Surface Room 21 22
18% Surface Room 2y
158 Iaterior 1200 Lo
170 Tnterior 1200 39 40
19D Interior 1200 38
154 Surface 1200 L7
17F Surface 1200 50 L6
18a Surface 1200 Lo
156 Tnterior 1350 38
16D TInterior 1350 35 37
18D Interior 1350 38
8x2 Surface 1350 37
16F Surface 1350 51 Lh
194 Surface 1350 43
im Interior 1500 Lo
18¢c Interior 1500 3k 37
19¢C Tnteriar 1500 36
15F Surface 1500 51 .
17A Surfece 1500 18 49
1GF Surface 1500 50 :
IHeat treatmsnts:

NR-T6B-F: MAsforged and aged; 16 hr at 1400° F, air—cool.
: Heat—treated and aged; 2300° ¥, 2% hr, water—quenched; 16 hr at 1400° ¥,
alr—cool.




NACA TN No. 1765 . 15

TABIE TIT.— RUPTURE TEST DATA AT 1200°, 1350°, ARD 1500° ¥
FOR S-816 ALTOY DISCS NR-76B

Digo  [spaotmenSpactmn, 0%, |t TR0 [Eongion Fefucticn| Mot
(a) or {location|"*Ey™ °l(pe1) | (1Y | (percent) |(percent) |(peroent /br)
TR-76BF | PFor  |mmterior| 1200  |60,000| 130 cg 9 0.050
(forged) | PF9C  |Tnberior] 1200 55,000] 246 c11 10.5 .03%
bFIGE |Interior| 1200 55,000] 638 13 13.8 .015
broB  |Interiar| 1200 50,000 658 €10 9.k .0068
bpoa  |swrface 1200 15,000| 2618 c7 6.4 .0012
Prop  |Tmtertor| 1350  |60,000] 3.5/ €15 6.2 | ------
broc |Interior| 1350 40,000 58 c11 12,1 | -eee--
bFioB [Inberior| 1350 35,000| 212 ¢10 10.2 .028
bF10F  [Swurface 1350 35,000| 275 8 8.6 .018
briw |Tnterfar{ 1350 30,000| 565 1k 12.5 L0145
broA  [Surface 1350 27,000| 180h c3 k.7 .0009
4114 |Surface 1500 25,000{ 33 2 2.4 0175
9718 [terior| 1500 21,000 81 3 5.5 .0137
AF11E  |Imberior| 1500 18,000| 236 8 5.6 .010
4F11C |Toterior| 1500 16,500 362 2 .8 0015
8F11D  |Interior| 1500 13,500{ 1132 L 2.3 .001%
RR-768-Q | PQi2A |Surface 1209 65,000 118 o7 0.2 | -=----
(quenched)| PQ12B |Tnterior| 1200 60,000| 203 °g 4.8 .025
b12p [Imberior| 1200 55,000] 683 e 7.1 L0075
bqior [Imterior] 1200 50,000 1699 o7 4,5 .0026
bi3A |Swrface | 1350 Lo,000( & 11 w7 | ------
bQ13B |Interior| 1350 35,000| 253 o 9.8 .030
bua¢ |Imterior| 1350 30,000| 868 10 9.8 LO0kT
bQoF  |Surface 1350 27,500 1286 8 10,2 .0023
dqika  |Surface 1500 25,000 L5 T 7.0 .Oh6
Q1B |Interiar] 1500 22,000| 136 7.5 7.8 .012
4Q14C. |Interior| 1500 19,500 4h3 5 L7 .0026
dqkp |Interior| 1500 17,500| 928 i 3.2 0015
kP |Surface 1500 16,00 (e) | =----- —— | e
Rupture strength
- T%tm‘e Stress (psi) for ruptufre in— .
10 hr 100 hr 1000 hr 2000 hr
NR-76B-F 1200 5,000 62,000 50,000 l7,000
(forged) 1350 52,000 38,000 29,000 26,500
1500 30,000 21,000 13,500 12,000
HR—76B-Q 1200 80,000 66,000 52,000 49,000
(quenched) 1350 £52.000 39,000 29,000 26,000
1500 29,000 23,000 17,500 16, 000

BHont treatments: W

NR-—76B-F: As-forged and aged; 16 hr at 1400° F, air—cool.
WR-76B—Q: Heat—treated and aged; 2300° F, 2l hr, water—menched; 16 hr at 1400° F,
air—cool. .

DHACA data; 0.250—in,—diameter specimens with a 1—in. gage length.

ghroke in gage mark. .

Navy deta; 0.250-in.-diamster specimsns with a 1.3~in. gage length.

©The extensometer was insecure during this test and deformation readings after 50 hr were
in error because of rupture of adjacent units. The test was discontinmued at 527 hr.
Moasurement of the specimen after removal fram test showed 1.0-percent elongation
and 2.4—percent reduction of area.

TEgtimated values extrapolated from Figs. 7 to 13-




TARTE IV.— DATA YOR OTRESS AMD TINE FOR TOTAL TEFCRMATION AT 1200° F FOR 8-816 ALLOY DIBCS RR-T6B

[HACA date]
Transition to third-stage aresp
Diss  |Bpeoimen|Stresa derIni'hia_;ll.m Mo (hr) foar total deformations of —
() omber | (pai) (porcemt) [0.,1 percent [0.2 peroent|0.5 psrcent |l psrcemt |2 parcent|5 percent Tima Defarmetion
(tr) (percent)
MR-T63-F | Prey  [2s,000| 0,087 8 875 e B --- —a—n - —
(farasa) | Proz ,000 133 - 30 503 S1850 - ———— — -
droa =, 000 .196 - 1 100 380 970 - 1840 3.2
dpop  |%0,000 .210 -- ——-- 1 33 g2 7 625 7.k
dpgo  |53,000 .250 -- ——-- [ 1 52 139 160 5.7
dproe  |5%,000 .363 -- ---- 7 g 58 203 koo 7.8
dyo 60,000 ,300 -- ——— ¢, k 17 68 120 T.1
¥B-768-Q | Dafr  |ek,000 .088 23 1480 i B - ———- ——n- .
{quenched) | PY 33,000 'Jé% - 8 loag """ —an m-—- me-= -—-
dqizr 30,000 . -- ma-- i 1gg i:éz 1480 1530 X
dqap  [m%,000 . - ———— 1 550 50 .0 .
4qLeB ’ 000 .g% -~ -—-- 03 lE 4L 158 ---- -
'10,125 65,% T = ses=— === g l? '?E - -

Diso Totel defarmabian Btress (pel) to bauss total defarmeticn in —

(a) (peroent) 1 10 br 100 hr 1000 I 2000 Hr
MB-T6B-TF o1 | memeees Cok, 500 | meemmee | - .
(forgod) 2 55,000 38,000 31,500 24,500 ©22,500

9 »000 52,000 tg,ooo 33,500 30,500
P B LD I 57,000 , 000 38,000 EEJOO
Trepaitien | eeeeeem | ememee- 53,300 48,000 4500
HR-T6B-Q L ] mmweees QET:OW 013i35'00 """""""""
(quenched) L | memmee- 043,000 k500 23,500 ,000
5 %¢5,000 55,500 148,000 Eb,CDO 833,000
1.0 071,000 62,000 52,500 k3,000 940,000
Tpensitdon = | mmemmmm | emmmeee %6k, 000 52, 000 48,000
Dimo Cresp strength (psl) at 1000 hr far creep rates of —
() 0,0001 peroent /hr 0.00001 porcent /hr
EB-T6B-F (farged) 28,000 ©18,000
NE-T6B-Q (quenchsd) £8,000 16,000

EFsat treatmentst

HB-TGB-T't
FR-THR-01

Ryie o filngg ¥

As—forged and aged; 16 hr ab 14000 F, air—ooal,
Hent-treated ard mged; 2300° ¥, % hr, vater—quenched; 16 hr

Doreap tests; 0,505-in.~diameter specimsng with e 2-In, gags lsngth.

OFgtimated valnea.

43tresn—ropture teate; 0.0%0-in.—diameter epsoizans with s 1—in. gage lsngth.

9T
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mmv.—mmsﬂmmmmmmmmﬂnmﬂrmwsmmmﬁn

Dias Spacimen | Stross | . Intbial Tims (br) for total deformaticns of — Trensition Yo third-stage creep
(a) umher (pai) dstarmetion M Dafarmation
(porcent) 0,1 parcsnt 0,2 perocent 0.5 paroend 1 parcanht 2 perosnt 5 perovent () {porcant)
- brax 12,000 0,057 koo b It it - == -=-- ==
{Torawd) “FEx 15,000 L7 i35 1075 s==== ===== === === = ==
o Prsx 20,000 080 g — —- — — — -
b3z 29,000 .05k 1 110 1?@ ----- -—-- - ---- =
CF1.0A 27,000 13 --- 9 800 16% - 1600 1.8
CFLD 30,000 125 -— .5 10 .31 300 300 5.0
b aloi:} 35,000 'iﬁ --- 5 5 16 k7 1hk 100 3.9
b Aoy 000 . --- .3 h - {ig 100 chs 180 2.9
P10 ,000 .170 - | e a3 .5 6 20 c——- -
WR-TOB-R ke 1p,000 - .05 i75 000 mmeem | e - == — ---
{quenohed) bz 12,000 .053 % :gooo ---------- ——-- --- “--- ---
I 15,000 0T 580 P o - --- ----
QY 18,000 .78 8 1z 3800 | ----- —-
'bQIJ.'!' El,Bho .096 1 50 9958 """ "S‘E'S ::: -?é-o ;.-
e | 30 122 --- 2.8 33 228 3k g Ko 23
oqL3B 2000 X0 N 22 8 % 125 100 .0
EET 000 JES T e <1 4 10 38 5 6,0
Diso Yobel dafarmebion Btress {pai) to ocause total deformation in —
(2) (peroant) 1 10 ke 100 b 1000 v 2000 I
- o s A A e
ER-TOB-T 0.1 24,000 17,000 13,000 810,000 “g9, 500
(fargsd) 2 53,000 27,500 22,000 16,500 415,000
5 , 000 33,000 28,000 84,500 £3,000
1.0 3,000 37,000 31,000 dps, 500 dp5 000
e A o 33,300 £8,000 428,000
1.0 1 21,000 17,000 13,000 49,000 48, 000
':qus!‘-—"'!"..._, .2 ESQ_;@QQ 2:5].90@ Qo,‘om 15;m'3 ls:jm
5 500 33,000 27,000 21,500 19,500
170 1300 1500 30,000 223,500 &3,
Tranydtian @ 0]  emmmee= | emeeea 35,000 27,000 dan)
Diso Creep stroogth (pei) ab 1000 Ir for oreep rates of —
(») 0,0001 paroant /ir 0.00001 peroent /br
FR-TEB-F (forged) 20,000 13,000
' ¥R-765-Q (quemched) 19,000 '10,500
Snat troatmanba: W
air—cool,

E—fr&B—!‘r

fr oty

VYRavy data from aroep tesbay 0.5074in,.-dirmster speoimens with a £-in, gage length.
streas—rupturs

CRAOA data from
tod values.

M—tw@daﬁmﬁ;ﬁhuﬁ%]‘,

el med
LT v el

-kl e 2D oy
SgFay ST Sy o AX

watar_siann
) meSqULnons

hads 16 hr ah 1lu"n°‘a',

tentsy 0,250-1n . Aismetor gpecimens with u 1-in, gage length,

GOLT "ON NI VOVN
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TARIE VI~ DATA FOR STRESD ARD TIMZ FOR TOTAL IEFCENATTON AT 1500° T FOR 5-B16 ALLOY DIBCS KE-TSB

[Havy aata]
. Pransition to third-stage creep
Dine Speotmen | Btroms mrgitig.}m 77777 Tipe (ir) for totel deformations of — - : -
(e nember (pat) {poroent) 0,) percent | 0,2 percoat | 0.5 parcexmt | 1 perceut | 2 percsnt | 5 percent fg’; D?fm 1|¢)m
HR76R-F %}‘ 3,000 0.033 e “ocemmn -e-- --- - -- -—-- ---
forged) ve 10,000 . 55 900, ———- ~—- ——- -- cee- -
( "z 10,000 % 173 02130 o - - - = o
brsE 000 . a— -—- - .
dri1p H',ﬂm ----- k 123 gf.g 529 g70 -- 500 .9
&r110 1500 | —eee- 1 i3 £30 - - 170 3
4y 18,000 |  -=-e- - e 20 63 1h% - 100 1.k
- U] 21,000 | —---- - 8 23 ol T -- ] E
driga o, 000 S =- K 1k 30 - -- 10 A
ME-TEB-Q YT 8,000 L0h5 20 | -m-- - ---- - -- == ---
(queoohed) | DB | 30,000 | .05 20 oo - - " - - -
S55 13,009 072 &0 205 ==
dakp 17:500 - == 12 190 510 Bos -- 550 1.0
dmao 19,500 [ ==ae- - 96 @18 3h0 -- 130 6
dquin 000 | aeeee 1 19 [ $ - 21 3
“qLia 29,000 | ---—- i B & i7 30 -- 8 1.0

Digo m‘.'i deformtion Btroes (pai) to omuse botal deformation in —

&) \POT G0 ) 1l hr 10 I 100 hr 1000 hx 2000 b
NR-7GB-F 0.1 16,800 18,500 9,000 Ox,500 o, 500
{forged) 2 22,000 18,000 13,800 9,600 8,500

S ) meemeee 23,000 17,000 11,200 500
A . - og,ooo 5500 18,000 °1Q,200
Yrepeition 0| @ ------- »000 18, 000 18,000 ©10,300
FR-TEB-Q N %12,500 002 95,500 mommems
{qmenohed ) .2 22,000 18,000 1k, 000 10,000 23,600
.5 928,000 23,300 19,000 o1k, 700 933,k00
Y S oo Aon 21,000 ©1£,000 0k 500
Mottt ] —emeem oal; 20,200 8, 1,500
™ Oreop strength (pal) at 1000 I far cresp retes of —
(e) 0,0001 parcent fr 0,0000). parcext fir
RR-T6B¥ (forgsd) 11,000 8,500
HE-TEB-Q (quemohad) 13,500 7,500
SEsat troatments: < Wira
FR-TGB-F1 AsTorgsl and aged; 16 Ir at 1400° F, air—cool. Do
ER-T6B-Q: Hsab—ireatad end aged) ¥, 2} Ir, vater—quenched} 16 hr ab 1400° ¥, air—oocl.

bpata from cresp taxtsy O,505-in,~diameter specimsne with & 2-in. gage length.

L . o -
TEstimtedt yaluod.

Pata froa stress—ruphoe testsp 0,250-in.—diexster epocimens with a d—in. gage length.

gt
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TABLE VII,— COHEARIBON OF ROOH-TEWMPYRATURE AHD NIGH-TEHPEDATURE PROPEHTIES OF EEVERAL LARGE FORCED DIEC3 OF LOW-OAFBOT F-133. 8-090, AM 8-816 ALIOYH

Teat temparaturs, °F Boon temperators 1200
Low—onrton TLoe—carbon
0
Alley - Bﬁg" B-816 ‘ﬁ ) 3?'3 546
TMas mowbar® FR-56D MO-7aD-F PR D-QA E-76E-F MR-TER-Q ¥B-6£D MB-FHBF MR- B-0A MB-TER-F MR-76B-Q
thart=tims properties:
Charpy izpaot strength, = 5 o8 1 i 9 15 43 %]
foot—pounia
Trod imvact wirength, 56 6 7 18 L mmmmeme | memes - e
Tenwile whrength, pel 118,000 125,050 120,500 150,000 1kk,000 83,000 aa, o 81,600 180,000 106,000
0.1-parosmt—af Tt 69,000 90,000 3, ™, 70,000 v 47,500 65,080 hE,000 63,000 55,000
yiald strangth. nai
0.8-percent—afTast 2,100 58,250 70,500 3,000 75,000 0,000 ,T%0 9,000 67,000 58,000
yield otrength, ped
Tlongation, percetit 3%.h a 17 21 0 21 15 a7 16 12
Roplurs strengths, ped:
10-kr A INISSPCURRE NSNS (N OUNSIR — SR 68,000 359,000 855,000 478,000 ag, 000
100 -— ——— L-g,ooo ,500 5,000 62,000 65,000
1 DYRSEUUREES | 4000 ,000 ,000 50,000 73,000
op riwengthe, pals
0,0001 parvent, mm———— —m—— o 268,000 27,500 £3,000 28,000 20,000
0.000G1 par —— —— —— 15,000 | eeeemee ] aee—ee 418,000 115,000
1004 defarmmtion strengtha, padi ' .
0,l-perosnt deformation m——————— m———— - :!e.é{,ﬂJO ————— m————— omm—— 4, , 500
0,0-peroont deformntlon m———— m—— , 000 90,200 26,000 El,ﬁm 500
O 5-poroent deformation | ommomes ——-—- - 13,00 ,000 73,80 3,000 ,000
3.0-Feroent dafarmtion s —= === ———— —==—- 55,000 52,000 5,55 58,000 52,500
FCCoriyey S ——— 51,700 57,000 bo)500 59,500 464,000
15004 daformation strengtim, pell
0.1-~paroent deforsetdan ———— m———— m———— e 1,500 el B it Ecn e e
0.2-parosah deformation ————— - 4,000 22,000 418,50 24,500 , 500
0,3-poroect deformatien 000 | meeemes ] ssme—ee | meees - hambat e BN BEE LSt 30,000 38,000 7,000 33,520 de'f,w
1,0-pearoeat daforsatica ————- m———— m———— | mmemae- 33,000 3k, %00 33,000 , 000 3,000
o e R I - ————— | - 39,500 3,000 39,000 ,000 , 00
Aftsr aresp teating at 1900°F
Renidoal room-bempecature properties)
Teod irpast strength, m———— | mme—e- mmmmem | eme——a —— 17.8 smma—— m———— 1n 5.5
foot—pounds
Tongilo streogth, ped 0000 | me—meem | eme—eem | - - —— | - 18,10 127,000 131,000 13,000 1§,000
0 l=rarosat—offest ————— umL .- 2,500 35,000 r“Bs s 000
yield siresgth, (wl
0 —e—eee- —m—mie- 76,250 9k, 500 63,000 &7,000 £82,000
yisld wsirength, pal
Flongntion, parcamt ——— m—— e [ 6 8.0 8.5
SHoat troatmauats:

HA-65D;  Torged, disc; stress-relisred by heahing 4o 12009 F for @ I and cooling in adr.
NE-ThB-¥!1 As-forgsd dieo; sged 16 kr at 14000 F, eir—oool,

W-THP-00: Esat—treated ond ogsd diso; 2300“!,3&1::-, votar—quanched) 26 hr ab 100° ¥, air—coal.

IR-TER-F: As-farged ard aged disaj 16 br at 14009 ¥, atr—ocol.

TR-TEB-Qt  Ebai—trented and aged dimay eam":r,egh-, waker—quenshod; 16 I at 14000 T, air—coal.

Prate from rofsrence 3.
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TAHLE VIT,— COKPARTBMN OF HOOH-TEHPERATUHE ARD HES-TEHPIRATURE PROPERTINS — Concluded

Test tamparature, °F . 150 1500
Low—carbon o s Tomsarhon
Aley B-155 8-818 F-1. 9'3§‘° 8-816
(5 ¢ (v (a
a0 musbect M-S MR-THBF MR-ThE-QA A MB-TEEQ FR-GED FR-TWB-F FR-ThD-QA AB-TEB-F MBTSB-
Ghort=tirs properiles:
Onerpy impaot otrenath, 50 n 17 b7 L] A4S 13 20 k3 ks
toot-pounds
Teod impest sbrecebl, 0 | eseesme | ecemme- ——— i N SR I e e
aiie vorength 60,000 4, 625 6 ® 8 h h i 400 600 60,000
Tenaile el T30 Q00 000 0,500 3,124
0. 1porosut—orfaet b,000 50,750 43,500 56,000 2000 33,000 BtETH) 33,0% 1000 19,000
yiald strecgth, pad
0, B—parosnt—ofTaet 5,500 55,000 56,000 " ,000 55,000 34,000 39,900 37,8%0 »9,000 51,000
yisld atrength, vl
Tlangation, perosnt oh.p 2 -] | -] 3.5 9 18 1T ) i
Ruptwre strengths, wait
10-hr ! 50,600 de,000 447,00 52,000 ds53 000 oy, 300 269,000 ———— 431,000 4a9,500
100-br 3,000 , 500 32,000 37,%00 %,000 20,000 12,100 20,000 20,500 72,600
1000-#r #,000 ,000 2,000 7,000 2,000 1k,200 p 13,000 13,700 17,50
p strengths, psit ’ i
0,0001 perssat 16,000 10, £00 16,400 15,500 19,000 8,700 dg, 800 10,000 11,000 13,500
0.00001 perosnt /o 7,500 e 12,100 13,000 10,500 dx. 000 ———— 7,100 8,500 7,500
100-tr defarmation swrengtha, pals
0,]~peroent deformtion 1,000 | =eee- - mm——— 13,600 13,000 7,700 Y- 9,400 9,000 9,000
0.2-peroent deformation ,T00 13,100 1,700 2,000 20,000 11,000 e 11,000 13,800 1k, 000
0,%parosnt deformmbion 22,000 17,000 ,hoo 28,000 27,000 15,& 500 1h,800 17,000 19,000
1.0-poroent defarmntion gg,ooo 20,500 2h,100 11,000 0,000 17 9,000 17,800 4500 &,000
Trausibion 4000 24,300 29,000 35,500 36,000 16,400 97300 180700 18,000 £0,200
1000-7r gtrangths, ol
9_$£$m=m dhi 8,600 e ———— 419 000 da oo 4wy a7 s 4w 4y noo
0.3-percont defarmabion 12,000 48,000 a, 700 16,500 17,000 2800 $2200 9,600 10,009
0,%—peroent deformabion 17,800 13,000 17,000 ok, %00 21,%00 10,500 500 11,900 &ﬂ,'m
1.0-peroent defmmabion 1500 15,%00 20,800 425,700 433,500 12,000 13!600 12,000 416,000
Tranwition 18,000 14,500 22,500 ,000 27,000 11,900 800 12,000 16,000
Aftar cresp testing at 13509 7 Aftor areep teating ab 1200°F
Raaidual properbien:
T1c4 impaat whrength, k6 2 5 T 7.8 O S [, 2 5.5 L9}
I
Tensile wtrength, ped 126,50 10,500 132,500 1@.500 133,500 114,000 105,000 116,000 123,000 115,000
0,l~porcent~affast 63,500 , ,000 ’ 79,500 20,%00 n, 5,000 4,000 63,000
yiald strongth, pel
0,8 percant-affust €,%0 83,000 79,000 £9,000 £1,000 54,500 80,800 62,50 73,300 7,50
yiald strongth, pel
Flocgetion, peroent 13 1 L] 5.0 0.7 k1. L L s 7.4 7.0
“Fout troatmoutal ~ et Yo
BE-66D; TForged d1so; strsus—relisved by boating to 1000° F for 2 hr and coaling in air, ' W

MR-TAE-F: Asforged disc; aged 16 I at 10O P,

MR-TAR-GAt Enat—treatsd And sged diso; 2900° 7, %hr, vatar—quencied) 16 k- at 1400° ¥, eir-oool,

HR-TEBF: Asforgod anl aged d1n0; 16 kr at 1W00° ¥, alr—csal,

MB-TER-Q: Hoat~treated and aged disa) Wl‘,%hr,nt-r—qu.unahed; 16 br at 14009 F, air—oool,

Ppata from reforance 3.
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TARFX VIII,~ CREEP TEST DATA AT 1200°, 1350°, AND 1500° F FOR 8-816 ALIOY DISCS BR-76B

Eqij_ spooimens were 0.%05-in, in diameter with a 2-in, gage laﬂsthj

Dino Sp00 . Teatturo Strens |Daretion aa?niti:}m Creop rate (percent/hr) at — Total deformation {parcent) at —
(a) oumber (°F) (ot} | (W) 1" Cercent) | 500 hr |1000 hr [1500 hr 2000 hr |500 hr|1000 hr | 1300 hr | 2000 hr
MR-TEB-F | Proy 1200 £5,000( 1124 0,087  [0.000083/0,000050 |~-====m= [-c=m=nun 0.172 | 0.205 { ===== | ~m-m-
(forged) | Trez 1200 35,000 112% .133 .000815] ,000372 |======== [====mmun Ag8 | 688 [ ~meeo [ mmmes
CF13K 1350 12,000} 2065 08T .000050| .000040 f0,000020{0,000012) L1058 | .126 | ©0.137 | o0.14%
°pax 1350 15,000| 2016 072 L0000T6( 000046 | ,000033| 000032 ( ,168 .195% .218 .235
CF3Z 1340 20,000( 13h4 .080 .000172| ,000116[.00010 |~-----=- 270 | 336 370 | m----
OF13% 1320 25,000 2015 .09k .000195| .000155! ,000130| .o00130]| . .38 50 517
CP1T 1500 8,000 2450 .033 LO000065| ,00004%) ,000022| ;000020( .125 JA46 .160 W67
OF13Y 1500 10,000| 199% - ﬁ L000105| 000065 .000043] ,000038| 170 .210 % .2k6
iz 1500 10,000| 2010 . L000085| .C00055| 000032} ,000017| .129 JA60 | L, 194
) Cpsz - 1%00 13,000 15@ .080 .000240] 000200 ( 000250 .000305( .307 Jeo 548 675
HR-76BQ | PQAZ 1200 24,000 ‘1008 .88 L000065| 000050 [-===~=-=[==mamu- .148 A76 | mmems | mmmes
(quenched) | PasY 1200 35,000 1008 .133 ,000290| 000270 |=~=-=--~ ol - 352 Joo | mmmem [ e----
o eghz 1350 12,000 2012 057 .000065] .000030( .000022| .o000O22| .129 154 L1687 178
007 13%0 12,000 2040 .053 ,000030| .000020]| .000015| .000012| ,101 | ,113 .123 128
Sohx 1350 15,000/ 2213 .072 .000095! ,0000%0| ,00002k!| .000030! .19k 223 .233 .238
Sqly 1350 18,000 2120 .078 .000175| .000080( ,000062| . 281 | .337 373 400
i oQhy 13%0 21,840  ghe 096 .00030%| T ,000285 |- ~~===m= |-momeeme 3901 | £818 | ---m- | -----
cQ5Y 1500 8,000 1963 045 .000055| ,o000027] ,00001%| ,00001%( .118 | .1ma 151 157
ogsx 1500 10,000 2137 052 00003 | . .000027| .c0002T! 182 .208 .20k 2l
ogsZ 1800 13,000 2002 072 ,00019 | .00012 | ,00009L| ,00000hk| .262 .332 .283 433
BHant treatments: S =
NB-TEB-¥: As-Targed and eged; 16 hr at 1400° ¥, air—gool,
HR-T6B-Q: Heat—irsated and aged; 23002 ¥, E% hr, vater—quenched; 16 hr st 1400° 7, air-cool,
bnacA aata,
CHevy data. .

qat 1344 hr, when test was dimoontimued,

®Bocanss of countrollsr failures, the temperature was high at 585 hr for 1 hr, macimm 1420° F; and
The oreop retes anl defarmations may have been inorsamsd by theds temperature riseas.

maTimm 1470° ¥,
Yaines at ohe hr, when test was discombirued.

at 650 hr for 3= hr

] E
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PARIE IX,— EEFECT OF CHEEP TPITING AT 1200°, 1350°, AND 1500° ¥ ON THE BOOM-TEMEERATURE

PHYSICAL, FROTERTIES OF 5-816 ALLOY DIS03 WB-16B

Prior testing conditioms

Residual room-bamparature proportles

Dimc Offeet yield strength Teod impacth
cimen Tansile 1onal tion | Reduocti
(2) dpe Tegartirs | Stvoe | Tius pai) . g el ity (rt-1v) Tiokers
°]') (Eﬁi) (h!‘) (_;'!1_ 0.08 parcent |0.1 percemt|0.2 parcent (Pﬂi) (mm (peroent) Mavy MAOA

WB-76B-F | PPy (o) (6) (o) |memmmmw | Tmmmmme ] emeeee | memenn | eeeee m——— R R —— 18, 18 292

(rorgod) . .
(a) (o) (a) (e} (o) (150,000 £3,000 79,000 83,600 kb, 200 0.5 20.5 17.8 | =mmn-m 320
Prez, 1200 | 39,000 |14 |=m=mmmm | mmeemm ) mmeee- === ———— - .- ——— 10, 1e 33%
bpoy 1200 25,000 § 1125 |139,000 62,500 9,000 87,000 k%000 8 8,7 | ~eeen NV ISP .
Srox 1350 15,000 {2016 |--==w== | =mmemm | mmmmes | mmemem s mmmees 7.0, 7.0 | ====== 33k
dp13x 1350 12,000 | 2065 |136,500 64,000 82,000 89,000 45,000 9.0 R (g [—
dnay 1500 10,000 11995 f-mmome 1 mocnen mummme | eeeee m—eemn — -=-- 5.0, 6,0 | <=n-n- 33
iy 1500 8,000 | 2kg0 {123,000 53,000 67,000 79,500 36,000 T 8,8 | cmememme | ememes ———

w758 | e {o) (o} (o) [rmm=r== | mmmeme ] e = | e == T T 10, 10 293

({quenched)
(a) (a) (o) o) |{c) |1hk,000 86,500 70,600 76,500 33,300 23,0 a.g 819.0 | ------ 8326
Pagy 1200 35,000 | 1008 [===-==== [ mmemmm [ eeemme ] ewssen ] memees - —— | - 6, 5 300
bese 1200 £4,000 | 1008 |138,000 62,000 81,000 88,000 30,000 8.5 8,7 | —mmmmemm | meme-- -—--
Lz 13% [ 12,000 [20kg |-ommmm | mmmmmm o memmmm o mmeees St —-- --=- 7.0, 8.5 | ~-=-=- 319
dar 1330 18,000 | 2120 (133,500 63,300 73,500 81,000 48,000 10,7 SR T [—— SISO (-
ex 1300 | 10,000 | 2137 |- | o e i B —- === | "3.5, 6.0 | =----- 312
Ay 1500 8,000 | 1965 | 119,000 50,500 65,000 1,500 31,500 7.0 T [T, (- —

Hant treatmonta:
WB-76B-F1 AsTorged and aged; 16 hr at 1400° F, air—ceol,

HR-T6B-Qt

Heab—treatsd ani agedy 2300° F,

bapcn date {0.36%in,~square irpact specimen with a 0.C50—in.~desp Y-notch),

%0

1ginal oondition,

3¥avy data (0,450—-in.~dirmeter impact specimsn with a V-notch).

OPangile data from average of four tegts on center-

Timpact value im aversge of valnes fram foor temts (F172 —
of two specimena (FLTZ, F18Z), taken about 1/2 &

grnpuctuluo 1@ average of values fraa three testa

E%hr, vater_quenchod; 16 hr at 1400° T, air—oool.

and purfece-plane radial spocimens at rim of dise.

21.0, 15.0; F18% — 14,0, £1,0); Vickers hardness velus 1e avorage of several impressions from each

of tvo apevimens (GI1Y end n mpocimen from en wnidentified loestien).

o 1 in. in from tho worked purfacs of the dimc.
{(@aY - 14,3, QT — £2.8, Q3% — 20.0); Vickers herdness valns is averags of several impressions fram each
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Figure 1.— Location of test coupons from as—forged and aged S—816
allay disc NR—TEB-F.
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Figure 2.— Location of test coupons from solution—treated and aged S-816
alloy disc NR—76B—Q.
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Figure 3.— Summary of properties of S-816 alloy disc NR—T6B-F. Disc
treatment: Ag—forged and aged for 16 hours at 14L00° F,
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Figure 4.— Summary of properties of S5-816 alloy disc IR—-76B—Q. Disc

treatment: As—forged, water—quenched after 2-]2; hours at 2300° F,

and aged for 16 hours at 1400° F.
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5.— Variation in hardness from center to rim of ag—forged and aged

ROCKWELL C HARDNESS

W

5-816 alloy disc NR—T6B-F,

RIM

[
O

N
© -

n
[+

[\Y)
~J

Vg W

[\)
o,

\\/‘\\\
e

N
(&)

n
H

7 v

()

2

3 4

5

6

IN. FROM CENTER END TO RIM END OF COUPON 76Q 7X
e SURFACE EXPOSED TO FORGING

O SURFAGE NEXT TO Y- OR GENTER PLANE

7

Figure 6.— Variation in hardness from center to rim of solution—treated.
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Figure T.— Curves of stress against rupture time st 1200°, 1350°, and 1500° F for 5—816 alloy

disos NR—76B.
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Figure 8.— Curves of stress asgelnst time for totel deformation at 1200° F for 5816 alloy dlsc
MR—76B—F. Heat treatment: As—forged and eged for 16 hours at 1400° F,
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Figure 9.— Curves of stress against time for totel deformation at 1200° F for S-816 elloy disc

-

NR—76B-Q. Heat treatwent: Ag—forged, water—quenched after 215- hours at 2300 I and aged
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Figure 12.— Curves of stress egainst time for total defarmation at 1500° F for 5-816 alloy disc
NR-76B-F, FHeat trestment: As—forged and aged for 16 hours at 1LO0° F.
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Figure 13.— Curves of stress sgainst time far total deformation at 1500° F for 8-816 alloy disc
NR—76B—Q. Heab treatment: As—forged, water—quenched after 232- hours at 2300° F, and aged. for
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Figure 14.— Curves of stress egainst creep rate at 1200°, 1350°, and 1500° F for S-816 allcy
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Figure 15.— Original microstructures of S-816 alloy discs NR—76B-F and
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Figure 16.— Microstructures of specimens of S-816 alloy disc NR—76B-F
after stress—rupture tests. Disc treatment: As—forged and aged for

Electrolytic chromic acid etch.
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(b) Specimen Q12F; 1286 howurs for rupture at 1350° F and 27,500 psi.
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(c) Specimen Q14D; 928 hours for rupture at 1500° F and 17,500 psi.

. Figure 17.— Microstructures of specimens of S-816 alloy disc NR—76B-Q
after st;c‘ess—rupture tests., Disc treatment: As—forged, waber—

quéncl,le-d. after 2%— hours at 2300° F, and aged for 16 howurs &t 14000 F.

Electrolytic chromic acid etch.
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(a) Specimen F27; 1124 hours at 1200° F and 35,000 pei.
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(b) Specimen F2X; 2016 hours at 1350° F and 15,000 psi.
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(c) Specimen F13Y; 1995 hours at 1500° F and 10,000 pst-.
Figure 18.— Microstructures of specimens of S-816 alloy disc NR—76B-F
after oreep tests. Disc treatment: As—forged and aged for 16 hours

at 1400° F. Electrolytic chromic acid etch.
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(a) Specimen Q6Y; 1008 hours at 1200° F and 35,000 psi.
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(b) Specimen Q9Z; 2040 hours at 1350° F and 12,000 psi.
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(c) Specimen Q5X; 2137 hours at 1500° F and 10,000 psi.

Figure 19.~ Microstructures of specimens of S-816 alloy disc NR—T6B—Q
after creep tests. Disc treatment: As—forged, wabter—quenched after

2—%— hours at 2300° F, and aged for 16 hours at 1400° F, Electrolytic

chromic acid etch. .m
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